models must therefore accurately reproduce these processes to correctly simulate ENSO.
With the eastern edge of the warm pool moved back and forth along the equator by zonal currents during La Nifia and El Niflo, the variation of zonal currents in the equatorial central Pacific controls the basic time scale of the ENSO cycle. In the central equatorial Pacific, these zonal currents are generated by local wind forcing, equatorial Kelvin and first meridional mode Rossby waves, and their reflections on the eastern and western ocean basin boundaries (8, 15, 32, 33) . Eastern boundary reflections and resulting first meridional mode Rossby waves (enhanced along their propagation by wind forcing further west) were observed to shift the 1986-87 El Niflo into the 1988-89 La Nifia through zonal advection of the eastern edge of the warm pool (15) . Therefore, we propose for the oscillatory nature of ENSO an extension of the original delayed-action oscillator theory (34, 35) . In this extension, the predominant ocean-atmosphere coupling is situated in the central equatorial Pacific, as observed (36). In addition, reflections of equatorial waves at both eastern and western boundaries are important in shifting the phase of ENSO (33). In this scenario, zonal advective processes, as determined by us, are fundamental in establishing the ENSO time scale. 21 . L. Mangum et al., ibid. 95, 7279 (1992 Rossby waves, which are probably most important for ENSO (15, 34, 35) , propagate along the equator eastward and westward, respectively. Both have surface zonal current extrema at the equator. They can be generated by reflections on western and eastern boundaries, respectively, of equatorial waves originating from the same wind forcing in the central equatorial Pacific. These reflected equatorial waves would result, after some delay, in surface zonal currents opposed to the direction of the zonal currents forced by the original wind. This delayedaction effect on surface zonal currents may be the reason for a gradual shift in the direction of the zonal advection of the eastern edge of the warm pool and therefore for the phase shift of ENSO (6) . The crown type classification is a phylogenetically neutral scheme in which cusp shape, number, and location as well as 11.q loph (shearing blade) number and orientation are recorded (7), allowing measures of morphological diversity and disparity. Morphological disparity, which is different conceptually from simple number of morphological types, is understood as "range of anatomical design" (8) and is usually approached as the distance among samples in morphospace (9) . We applied the crown type scheme to the North American, European, and Asian members of the ungulate orders Artiodactyla and Perissodactyla, as well as to the archaic ungulates, the "Condylarthra" (10) .
We identified 28 upper molar crown types (Fig. 1) . Only seven crown types (25%) are found among extant members of Artiodactyla and Perissodactyla (Fig. 1) . In each region, crown type diversity increased from the Early Eocene to a maximum in the Late Eocene and crashed in the Oligocene to pre-Eocene levels ( Fig. 2A) , roughly paralleling changes in ungulate taxonomic diversity (Fig. 2B ). The smallest number of genera for each crown type occurred in the early Eocene, and only an average of two (with a maximum of five) genera shared the same crown type (Fig. 2) . A low number of genera per crown type could indicate that morphological diversification outstripped taxonomic diversification. It has been argued that this pattern characterizes the beginning of some adaptive radiations (1 1). In contrast, taxonomic diversification in the Miocene did not result in a similar increase in diversity of crown types (Fig. 2, A and  B) . Thus, in the Miocene, ungulate crown (ii) R2100 (9 
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(I2J R2200* O2) S2200 type diversity does not appear to be a simple function of taxonomic diversity.
To study the causes behind this discordance between morphological and taxonomic diversity, we tabulated the morphological distance between each crown type (disparity) within a land mammal age (a biochronological unit). Morphological distance is calculated as the sum of the absolute values of the differences in each variable (12) . A single disparity value is the number of changes needed to make two crown types the same. Even a difference of one is morphologically quite large (addition or loss of one cusp or loph or a change in cusp shape).
The data show that maximum disparity (maximum distance between any pair of crown types) rose quickly in the Early Eocene (Fig. 3) , which is in keeping with this being a time of expansion in morphological diversity (Fig. 2) . Maximum disparity rose to the modern levels in the Late Eocene (except in Europe), and, after a slight decline in the Late Oligocene-Early Miocene, the values reached a maximum of seven on each continent in the Pliocene. We also tabulated the frequency distribution of individual disparities within each land mammal age to illustrate the packing of morphospace (Fig. 3) . For cene despite a drop in crown type diversity (epochal averages, 2.9 to 3.2). For the Miocene fossils, disparity values between crown types are mostly high (epochal averages, 3.2 to 3.6), and disparity increases further in the Pliocene (Fig. 3) (Fig. 2) . During the Miocene, the data imply that average lophedness gradually increased to the modern ungulate value (2.4 lophs per crown type; Fig. 4 ). The increase in average lophedness in the Miocene is concomitant with the evolution of high-crowned molars (14) and indicates that dietary specializations gradually shifted toward more fibrous food. The association of crown type and taxonomic diversification in the Eocene indicates an Eocene "bloom phase" (15) of adaptive radiation. With simultaneous increases in crown type diversity (Fig. 2) and disparity (Fig. 3) , as well as evolution of new dietary specializations (Fig. 4) , the Eocene was the time of the greatest number of ways for an ungulate to make a living (16) . In recent ecosystems, taxonomic diversity generally correlates positively with available energy (17) . Eocene diversification began during the inferred temperature maximum for the Cenozoic (18) . As evidenced by plant leaf size and morphology, tropicallike forests were found in the higher latitudes during this time ( 19) . Also, plant diversity in the Eocene was comparatively high (20) , which could indicate high local productivity and environmental patchiness that allowed relatively high packing of crown types (dietary similarity) as compared with that in later epochs.
Whereas Paleocene and Eocene morphological and taxonomic trends are generally concordant, the post-Eocene patterns are not. Steep climatic cooling in the Late Eocene was probably responsible for the drop in taxonomic diversity (16, 21) . Although we observe a similar decline in crown type diversity, the other two measures of ecomorphology, average lophedness and disparity, do not appear to change in pre-Miocene fossils. This may indicate that After the late Paleozoic (Late Permian) mass extinction, the origination of higher taxa (phyla and classes) of marine animals was more subdued than in the early Paleozoic (1, 2). Even though most marine species became extinct in the Late Permian (3), most of the major adaptive zones occupied during the Paleozoic were not completely evacuated (2, 4) . Thus, Mesozoic taxa may have experienced greater competition than their early Paleozoic counterparts that were diversifying into unoccupied adaptive zones (4) . Therefore, given a correlation between morphological and ecological diversification (2, 5, 6) , Mesozoic taxa might be expected to have reached peak morphological diversity (disparity) (7, 8) more gradually than did many early Paleozoic clades that rapidly attained maximal disparity (8) (9) (10) . Crinoids, a large marine clade, reached a plateau of disparity in the early Paleozoic (10) but suffered a great reduction in diversity in the late Paleozoic, apparently to a single lineage (I 1). They then diversified ecologically and morphologically (12) (13) (14) (15) . The fossil record of crinoids can thus be used to compare macroevolutionary pattems within the same clade under significantly different ecological circumstances.
The post-Paleozoic radiation of marine animals has been documented mainly with taxonomic data [(1, 2, 5) but see (6) ]. Because the correspondence between taxonomic origination and morphological innovation is unclear, it is important to document morphological diversification directly. On the basis of the primary systematic literature, I used data on 69 discrete characters to quantify the ma- (17) period (18) . This span of time was divided into 11 time intervals (mean duration, 19 million years; SD, 7.1 million years), reflecting a balance between temporal resolution and sample size. Within each interval, species were aggregated into a single statistical sample. Although genealogy is essential in a clade's evolutionary history, disparity concerns net morphological differences rather than branching sequence [ (7, 8, 10 ) but see (19) ]. Therefore, disparity was measured as the mean pairwise character difference between species (9, 10, 20) . I compared disparity to genus-and family-level taxonomic diversity [based on several data compilations (10, 12, 15, 21, 22) ]. The number of species sampled for each interval is generally proportional to the number of known genera and families.
Disparity among post-Paleozoic crinoids peaked early in the radiation (in the Late Triassic, less than 40 million years into the Mesozoic), well before the time of maximal taxonomic diversity (Fig. 1, A through H ) (23) . This period is similar to the 40 million to 50 million years between the appearance of unquestionable crinoids in the Early Ordovician and the Paleozoic peak of disparity in the Caradocian (10, 24) . Disparity declined from the Late Triassic to the Early Jurassic, in part reflecting the extinction of encrinids, holocrinids, and other taxa (12, 13, 15) . Disparity again increased early in the Cretaceous (Neocomian). Much of this increase is attributable to origination within the order Cyrtocrinida, which displays many unusual forms and habits, such as reduced, bilaterally
